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Introduction

W h at e xactly is  CT KUB? It is  a de dicate d non-
invas ive  te ch niq ue  of im aging urinary s ys te m  (k idne y,
ure te rs , bladde r), ch ie fly pe rform e d for de te cting
radiopaq ue  calculi along th e  urinary tract.1 It is  a ‘low
radiation dos e  s tudy’ be caus e  (a) it cove rs  targe te d
body are a only, (b) no m ulti-ph as ing re q uire d, as  it’s
a non-contras t s can. It is  one  of th e  m os t fre q ue nt
im aging pe rform e d as  e m e rge ncy as  w e ll as  outpatie nt
bas is .1 It is  us ually cons ide re d as  th e  initial im aging
m odality for patie nts  pre s e nting w ith  com plains  of
re nal or ure te ric colic in an e m e rge ncy s e tting.2,3

Dos e  is  th e  m ajor conce rn w h e n it com e s  to CT
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BACKGROUND: Com pute d tom ograph y of th e  k idne ys , ure te rs  and bladde r (CT KUB) is  pe rform e d for re nal
colic ch ie fly in younge r patie nts  h e nce , radiation dos e  s h ould be  m inim iz e d as  m uch  as  pos s ible  w ith out
com prom is ing diagnos tic ade q uacy. O ne  w ay of doing it is  via re ducing s can fie ld. FIRST AUDIT STANDARD:
Local de partm e ntal policy is  to s can from  th e  diaph ragm  to th e  s ym ph ys is  pubis . OBJECTIVE: To de te rm ine  th e
uppe r lim it of CT KUB s cans  in te rm s  of ve rte bral le ve l, at w h ich  k idne ys  are  fully im age d. TARGET: 100%  of
th e  CT KUB s cans  s h ould be  com m e nce d w ith in tw o ve rte bral le ve ls  above  th e  s upe rior borde r of th e  k idne y.
MATERIAL AND METH ODS: 100 cons e cutive  CT KUB s cans  w e re  re vie w e d re tros pe ctive ly. Param e te rs  as s e s s e d
w e re ; Ve rte bral le ve l at w h ich  s can w as  com m e nce d, ve rte bral le ve l at w h ich  k idne ys  w e re  fully im age d and
patie nt dos e . RESULTS OF FIRST AUDIT: 100%  of k idne ys  fully im age d at T10. Th is  w as  th e n tak e n as  s tandard
for s ubs e q ue nt audit. Only 34%  s cans  w e re  com m e nce d w ith in s e t s tandard. Me an dos e =9 9 8 m Gycm 2. SECOND
AUDIT STANDARD: All CT K UB s cans  to be  com m e nce d from  T10 ve rte bral body or diaph ragm  w h ich e ve r is
low e s t. RESULTS OF SECOND AUDIT: Six m onth s  late r, 100 cons e cutive  CT KUB s cans  w e re  re vie w e d
pros pe ctive ly. T10 re m aine d as  h igh e s t ve rte bral le ve l at w h ich  k idne ys  are  im age d fully. 9 5%  s cans  w e re
com m e nce d w ith in s e t s tandard. Me an dos e  re duce d to 89 7 m Gycm 2. CONCLUSION: CT KUB s cans  s h ould
be  com m e nce d from  T10 ve rte bral body to de cre as e  patie nt dos e  w ith out alte ring q uality; and m e an dos e  value s
of th is  audit can provide  our National Re fe re nce  Le ve l (NRL) for CT KUB s tudie s .
Ke yw ords : KUB; re nal colic; radiation dos e .
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im aging.4 Param e te r us e d for q uantification is  dos e
le ngth  product (DLP) w h ich  give s  an e s tim ate  of dos e
inculcate d to patie nt. DLP is  th e  product of CT dos e
inde x (CTDIvol) and s can le ngth .5 As  CTDIvol de pe nds
on m ultiple  factors  and varie s  w ith  patie nt h abitus
and m ach ine  s e ttings  for ge tting good q uality im age ,
it cannot be  alte re d m uch . Scan le ngth  on th e  oth e r
h and can be  re duce d to de cre as e  patie nt dos e .6 CT
KUBs  are  pe rform e d ch ie fly in younge r patie nts  h e nce ;
radiation dos e  s h ould be  m inim iz e d as  m uch  as  pos -
s ible  w ith out com prom is ing diagnos tic ade q uacy.7,8

Radiation dos e  can be  m inim iz e d w ith out alte ring th e
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Obje ctive
To de te rm ine  th e  uppe r lim it of CT KUB s cans  in
te rm s  of ve rte bral le ve l, at w h ich  k idne ys  are  im age d
fully.

Targe t
100%  of th e  CT KUB s cans  s h ould be  com m e nce d
w ith in tw o ve rte bral le ve ls  above  th e  s upe rior borde r
of th e  k idne y.

q uality of s can by re ducing s can fie ld.9

Curre ntly our de partm e ntal protocol is  to s can from
th e  diaph ragm  to th e  s ym ph ys is  pubis . As  diaph ragm
is  a m obile  s tructure , th e  s can fie ld varie s  w ith  th e
ins piratory activity. K idne y pos itions  in th e  body are
diffe re nt in diffe re nt patie nts . Th is  conce pt is  e laborate d
in (Fig. 1).

Mate rials  and Me th ods

100 cons e cutive  CT KUB s cans  w e re  re vie w e d re tro-
s pe ctive ly at Sh ifa Inte rnational H os pital, Is lam abad
from  July-Aug 2017 afte r form al approval by Ins ti-
tutional Re vie w  Board and Eth ics  Com m itte e  (IRB
&  EC) in accordance  w ith  th e  Inte rnational Confe -
re nce  on H arm oniz ation-Good Clinical Practice  (ICH -
GCP) guide line s . Th e  s can protocols  include  H e lical
s can m ode ; Th ick ne s s : 0.5 x 100; 120 k V; m A s e ttings
autom atic; Rotation tim e  0.5 and s can tim e  5.9
s e conds .
Follow ing param e te rs  w e re  as s e s s e d:
1. Ve rte bral le ve l at w h ich  s can w as  com m e nce d.
2. Ve rte bral le ve l at w h ich  k idne ys  w e re  fully im age d.
3. Patie nt dos e  value s  as  DLP.

Spe arm an rank -orde r (Spe arm an’s  corre lation) ana-
lys is  w as  us e d to m e as ure  th e  s tre ngth  and dire ction
of re lations h ip be tw e e n 've rte bral le ve l at w h ich  s can
w as  com m e nce d' and 'dos e '. Statis tical s ignificance
w as  acce pte d at p < 0.01. Data w as  analyz e d us ing
Statis tical Pack age  for th e  Social Scie nce s  Softw are
(SPSS) ve rs ion 25.0.

Figure  1: Be low  are  th e  coronal re form atte d CT KUB s cans  of
th re e  random  patie nts , s h ow ing variability in le ve ls  of s upe rior
pole s  of k idne ys . T11 ve rte bral le ve l m ark s  th e  low e s t ve rte bra

at w h ich  both  k idne ys  are  com ple te ly cove re d in Patie nt A. Sim ilarly,
T12 and L1 ve rte bral le ve l m ark s  th e  low e s t ve rte brae  at w h ich
both  k idne ys  are  com ple te ly cove re d in Patie nt B and C re s pe ctive ly.

An audit by Maguire  e t al. 2015 inve s tigating radiation
dos e  and s can fie ld de m ons trate d T10 as  th e  low e s t
ve rte bral le ve l to im age  k idne ys  fully in 100%  of th e ir
patie nts .10 Th at audit w on s e cond priz e  at annual
s cie ntific m e e ting of Royal Colle ge  of Radiologis ts
(RCR) h e ld in 2015. Contrary to th is , anoth e r s tudy
pe rform e d by Cave nagh  T. e t al. propos e d T11 as  th e
low e s t ve rte bral le ve l to com ple te ly im age  k idne ys .11

Th is  audit als o w on s e cond priz e  at annual s cie ntific
confe re nce  of Europe an s ocie ty of radiology (ESR)
h e ld in 2017. Ke e ping in vie w  th e s e  tw o s tudie s , w e
pe rform e d s e q ue ntial audits  of CT KUB to s e e  h igh e s t
le ve l of k idne ys  in our patie nts  in orde r to s e t m axim um
uppe r lim it of CT KUB s can th e re by m inim iz ing th e
radiation e xpos ure .

Inclus ion Crite ria:
1. Adults  ove r 18 ye ars  of age  only.
2. Patie nts  unde rgoing CT im aging w ith  h igh  clinical
s us picion of re nal/ure te ric calculus .

Re s ults  of firs t audit cycle

Th e  m e an age  at th e  tim e  of s canning w as  43 ± 16
ye ars , w ith  36 fe m ale s  and 64 m ale s  in firs t audit.
During firs t audit cycle , m axim um  uppe r lim it of
k idne ys  of m ajority of th e  patie nts  (n=45) w as  at
T12 ve rte bral le ve l and T11 ve rte bral le ve l (n=34).
Only tw o patie nts  (n=2) h ad th e ir k idne ys  uppe r pole
re ach ing up to T10 ve rte bral le ve l, th e re -fore  s e tting
T10 ve rte bral le ve l as  th e  m axim um  uppe r lim it for
CT KUB s cans . In oth e r w ords , confining th e  s can

Firs t audit cycle

Standard
Local de partm e ntal policy is  to s can from  th e  diaph -
ragm  to th e  s ym ph ys is  pubis .



Figure  2: Re lations h ip be tw e e n m e an dos e  and ve rte bral le ve l
at w h ich  th e  s can w as  s tarte d. Low e r th e  s can s tarting le ve l, m e an
dos e  of th e  s can s h ifts  tow ards  low e r range  (ye llow  arrow s , blue
bars ). H igh e r th e  s can s tarting le ve l, m e an dos e  of th e  s can s h ifts

tow ards  h igh e r range  (re d arrow s , purple  bars ).
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2. To de te rm ine  ch ange  in dos e  w ith  de cre as e d s can
le ngth .

Targe t
100%  of th e  CT KUB s cans  to be  com m e nce d from
T10 ve rte bral body or diaph ragm  w h ich e ve r is  low e s t.

le ngth  from  T10 ve rte bral le ve l to s ym ph ys is  pubis
can cove r KUB s ys te m  of all th e  patie nts  unde r
s tudy. Th is  w as  th e n tak e n as  s tandard for s ubs e -
q ue nt audit.
Afte r th e  firs t audit, s e ve ral placards  w e re  pos te d
at CT cons ole s  and h is tory are as  about s e tting ne w
protocol for CT KUB i.e . T10 to s ym ph ys is  pubis .
H is tory tak ing doctors , re fe rring ph ys icians  and ra-
diology te ch nicians  w e re  tak e n on board and e xplai-
ne d re s ults  of firs t audit cycle  and its  pos s ible  im pact
on patie nt’s  dos e .
Me an dos e  of CT KUB s can during firs t audit w as
9 9 8 m Gycm 2.
Variation in dos e  w ith  s can s tarting le ve l is  illus trate d
in th e  (Fig. 2).

Mate rials  and M e th ods

Re -audit w as  pe rform e d in Jan-Fe b 2018. Data w as
colle cte d from  h os pitals  MIS (Me dical Inform ation
Sys te m ). 100 cons e cutive  CT KUB s cans  w e re
re vie w e d pros pe ctive ly at Sh ifa Inte rnational H os pital,
Is lam abad. Th e  s can protocols  include  H e lical s can
m ode ; Th ick ne s s : 0.5 x 100; 120 k V; m A s e ttings
autom atic; Rotation tim e  0.5 and s can tim e  5.9
s e conds .
Follow ing param e te rs  w e re  re -as s e s s e d:
1. Ve rte bral le ve l at w h ich  s can w as  com m e nce d.
2. Ve rte bral le ve l at w h ich  k idne ys  w e re  fully im age d.
3. Patie nt dos e  value s  as  DLP.

Data w as  analyz e d us ing Statis tical Pack age  for th e
Social Scie nce s  Softw are  (SPSS) ve rs ion 25.0.

Re s ults  of s e cond audit cycle

Me an age  at th e  tim e  of s canning w as  40 ± 15 ye ars ,
w ith  34 fe m ale s  and 66 m ale s , in th e  s e cond audit.
Se cond audit cycle  s h ow e d uppe r pole  of k idne ys
of nine ty-five  patie nts  (n=9 5) line  be low  T10 ve rte bral
le ve l. Uppe r pole  of k idne ys  of five  patie nts  (n=5)
re ach e d up to T10 ve rte bral le ve l. None  h ad th e ir
k idne ys  above  th e  s e t s tandard (i.e . T10). Th is  furth e r
s tre ngth e ns  th e  s e t s tandard of T10 ve rte bral le ve l
as  m axim um  uppe r lim it for CT K UB s can.
During s e cond audit cycle  9 5%  of th e  s cans  w e re
pe rform e d according to s e t s tandard. 5 s cans  couldn’t
m e e t th e  s tandard, pos s ibly due  to h um an e rror as
th e s e  w e re  pe rform  in e arly days  w h e n th e  ne w
s tandard of T10 ve rte bral le ve l as  th e  uppe r lim it of
CT K UB w as  s e t.
As  national re fe re nce  le ve ls  (NRL) for CT KUB w as
not available  for our country, m e an dos e  of firs t audit
cycle  w as  tak e n as  re fe re nce  for s e cond audit cycle
(i.e . 9 9 8 m Gycm 2). Afte r lim iting th e  m axim um  uppe r

A Spe arm an's  rank -orde r corre lation s h ow e d s trong
pos itive  corre lation be tw e e n dos e  and ve rte bral le ve l
at w h ich  s can w as  com m e nce d (w ith  de cre as e  in
s can le ngth  th e re  is  de cre as e  in dos e ), w h ich  w as
s tatis tically s ignificant (rs  = + .372, p = 0.001).

Se cond audit cycle

Standard
Local de partm e ntal policy is  s e t to s can from  T10
ve rte bral body to th e  s ym ph ys is  pubis .

Obje ctive
1. Com pliance  w ith  th e  s e t uppe r lim it of CT KUB
s cans  i.e . T10 ve rte bral le ve l.
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of th is  s tudy is  th at th e re  is  no national re fe re nce
DLP le ve l for CT KUB in our country, s o w e  com pare d
re s ults  of our s e cond audit from  firs t audit. M e an
dos e  w as  de cre as e d w ith  de cre as e  in s can le ngth
as  s h ow n in (Tab. 1). Th is  m ay be  tak e n as  national
re fe re nce  le ve l of CT KUB for furth e r audits  to be
pe rform e d in Pak is tan and oth e r re gional countrie s
in South -As ia.

lim it of CT KUB s cans  to T10 ve rte bral le ve l, de c-
re as e  in m e an dos e  w as  note d i.e . 89 7 m Gycm 2 in
s e cond cycle .

Dis cus s ion

According to s tudy pe rform e d by Maguire  J. e t al.,
2015 RCR m e e ting,10 h igh e s t ve rte bral le ve l at w h ich
k idne ys  are  fully im age d is  T10 w h ile  Cave nagh  T.
e t al., 2017 ECR m e e ting re porte d T11 as  h igh e s t
le ve l in th e ir patie nt’s  s am ple .11 Population unde r
s tudy in our both  audits  s h ow e d T10 as  h igh e s t
ve rte bral le ve l at w h ich  k idne ys  are  fully im age d,
w h ich  favors  th e  data s ugge s te d by Maguire  J. e t
al., 2015 RCR m e e ting.10 Th e s e  facts  are  com pute d
in (Tab. 1).

Table  1:

Vertebral level at
which kidneys
fully imaged

Setting

AUDIT
CYCLES

RCR 2015
Maguire J. et al

ECR 2017
Cavenagh T. et al

Current Study

Hairmyres Hospital,
Scotland, UK

St. George’s Hos-
pital, London, UK

Shifa International
Hospital, Islam-
abad, Pakistan.

First Audit
Cycle

Second
Audit Cycle

First Audit
Cycle

Second
Audit Cycle

First Audit
Cycle

Second
Audit Cycle

Scans
commenced

within set
standard

Mean Dose
(mGycm2)

T10

42%

473

T10

82%

407

T11

90%

<460

T11

95%

<460

T10

34%

998

T10

95%

897

Me an dos e  is  de s cribe d in te rm s  of DLP (Dos e
Le ngth  Product). It is  not a true  dos e , but an e s tim ate
of dos e  give n to patie nt. Point to be  cle are d h e re  is
th at DLP value s  of diffe re nt s tate s /countrie s  cannot
be  corre late d in te rm s  of th e ir value s  as  it varie s
gre atly according to population s tatis tics  lik e  w e igh t,
body m as s  and local m ach ine  s e ttings . Countrie s
lik e  UK e tc. h ave  re fe re nce  national DLP value s  for
various  s cans  h e nce  th e y com pare d m e an dos e  of
th e ir s tudy w ith  th e ir national re fe re nce  DLP value
w h ich  w as  500 m Gycm 2. Both  s tudie s  i.e . M aguire
J. e t al., 2015 RCR m e e ting and Cave nagh  T. e t al.,
2017 ECR m e e ting h ave  h ad th e ir value s  w e ll in
range  w h ich  furth e r de cre as e d afte r de cre as ing s can
le ngth  (are a cove re d) by lim iting s cans  to T10 as
h igh e r uppe r lim it as  s h ow n in (Tab. 1).10,11 Lim itation

Conclus ion

  All patie nts  unde rgoing CT KUB s cans  for re nal or
ure te ric colic s h ould be  com m e nce d from  T10 ve r-
te bral body to de cre as e  patie nt dos e  w ith out alte ring
q uality.
  W e  s ugge s t th at CT KUB audit s h ould be  m ade
part of h os pitals  q uality as s urance  program  and
pe rform e d afte r re gular inte rvals  to as s ure  de cre as e d
dos e .
  O ur audit w on firs t priz e  for be s t pape r in Annual
confe re nce  of Radiological Socie ty of Pak is tan, 2017.
Th is  audit can pote ntially provide  National Re fe re nce
Le ve l (NRL) of CT KUB for future  s tudie s  pe rform e d
in Pak is tan and its  ne igh boring countrie s  in South
As ia.
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